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ABSTRACT

The biology of immature stages of the tobacco bud- 
worm, Heliothis virescens (F.), was studied on irrigated 
short staple cotton. Plants were infested with larvae dur
ing June, July and August to determine feeding behavior, 
survival and development.

The phenology of the cotton plant influenced larval 
diet and microclimatic conditions. Larvae introduced to 
young plants early in the season were afforded little pro
tection from high temperatures and fed on a limited diet 
consisting primarily of squares and blooms. In June, larvae 
required 2.4 more days to develop and mortality was 13 to 
32% higher than in July and August, respectively. As the 
season progressed, larger plants provided larvae with a 
more stable microenvironment and a full compliment of fruit. 
In June, larvae damaged an average of 8.8 squares and 1.4 
bolls whereas, larvae in July and August fed on less than 
half as many squares but destroyed an average of 2 bolls. 
Total development, encompassing larval, prepupal and pupal 
stages ranged from 23.7 to 27.4 days in August and June 
respectively.

The importance of natural enemies was evaluated by 
treating portions of the field with malathion (chemical
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name). Tobacco budworm larvae tolerated the insecticide 
but predator populations were reduced. Regardless of the 
infestation period, larval survival was enhanced when in
secticide applications were made.
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INTRODUCTION

The bollworm complex, comprised of the bollworm, 
Heliothis zea (Boddie) and the tobacco budworm, Heliothis 
virescens (F.), has been established in Arizona for many 
years. Unlike the bollworm, however, the tobacco budworm is 
a relatively new pest of cotton in the state, the first re
corded outbreak occurring in 1972 (Watson 1974). From 1973 
to 1976, budworm infestations were sporadic and usually con
fined to late in the season. In recent years the tobacco 
budworm problem has increased in severity. During the 1977 
and 1978 growing seasons, damaging budworm infestations 
spread through Maricopa, Pinal and Yuma Counties. In many 
of these areas, mid-season infestations resulted in insecti
cide applications starting in mid July to early-August and 
continuing through September.

The rapidly changing pest status of the tobacco bud
worm has in part resulted from its inate capacity to develop 
resistance to insecticides. Recent investigations in Ariz
ona and Texas have indicated that this pest is almost immune 
to methyl parathion and is in the process of developing re
sistance to the synthetic pyrethroids (Harp and Turner 1976; 
Davis, Wolfenbarger and Harding 1977? Crowder? Tollefson and 
Watson 1979). Unless new methods of pest management are
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developed and utilized, the prospects for future control of 
the tobacco budworm are grim.

Information concerning the biology and ecology of 
an insect pest is a prerequisite to the development of 
sound pest management strategies. Integration and effi
cient use of various control components is often enhanced 
when the biology of the target organism is known. Further
more, biological information enables entomologists to de
velop predictive capabilities through computer modeling 
(Kipling 1966; Hartstack and Hollingsworth 1974). Several 
studies regarding the biology, ecology and control of the 
tobacco budworm (equals budworm) have been published 
Brazzel et al. 1953; Lincoln et al. 1967; Butler and 
Hamilton 1976). Unfortunately, the vast majority of these 
studies were conducted apart from the field in laboratories, 
greenhouses and insectaries. Also, numerous investigations 
utilized laboratory reared insects which had been subjected 
to artificial selection for several years.

This study dealt with the biology and ecology of 
larval, pupal and adult stages of the budworm. The primary 
objectives were to determine (1) the key factors respon
sible for budworm mortality in the field; (2) development 
rates of larvae and pupae in cotton fields; (3) the average 
number of cotton fruit destroyed/larva; and, (4) the



influence of various temperature-humidity regimes on adult 
fecundity, longevity and fertility.

Description of Stages
Four species within the genus Heliothis are pres

ently found in Arizona. Heliothis virescens and H. zea are 
major pests of cotton and are of considerable economic im
portance. The remaining species, H. phloxiphaga and H. 
subflexa, are far less abundant and are known to attack 
only weeds. Over the past 50 years, several studies have 
been published describing the morphological differences 
between the bollworm and budworm.

The egg stage has been described in considerable 
detail by Neunzig (1969). With both the budworm and boll- 
worm, freshly layed eggs are whitish or cream colored and 
are subspherically shaped with a flattened base. As the 
embryo develops, the eggs assume a brownish tinge and fi
nally turn grey, just before hatching. The eggs of both 
insects also have distinctive ridges along the chorion 
which are helpful in species identification. Budworm eggs 
usually have 8 to 11 primary ridges and bollworm, 12 to 17. 
Additional investigations by Phillips (1978) revealed that 
the position of the ribs with respect to the micropyle also 
varied between species. He reported that ridges on boll
worm eggs usually fuse with the micropyle while those of 
budworm eggs rarely touch the micropyle.
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Unique morphological characters are found in 3rd 
through 5th instar budworm larvae. The most pronounced 
character is a prominent retinaculum on the inner surface 
of the mandibles (Crumb 1926). Another diagnostic character 
of budworm larvae is the presence of microspines on the 2nd 
and 8th abdominal tubercles. In contrast, bollworm larvae 
have smooth tubercles and mandibles lacking a cuticular pro 
cess (Peterson 1948; Brazzel et al. 1953).

Neunzig (1969) described the adult budworm as a 
light olive to brownish olive moth with three oblique dark 
olive bands on the forewings. The bollworm adult is 
slightly larger, olive to brown in color, and lacks the 
oblique bands on its forewings (Brazzel et al. 1953; Hard
wick 1965) .

4

Geographic Distribution
Although found predominantly in the tropics, the 

tobacco budworm is an important pest of several crops 
throughout the western hemisphere (Neunzig 1969) . Walcott 
(1933) reported the budworm was established throughout the 
West Indies. It was recorded as feeding on tobacco in 
Jamacia; cotton and pigeon pea on the remaining islands.
In Peru, Hambleton (1944) and Wille (1951) reported that 
the budworm was a major pest on cotton and also attacked a 
variety of other crops including corn. In the United 
States, the budworm is most abundant in the south but has
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also been found as far north as Missouri, Ohio, and Connec
ticut (Morgan and McDonough 1917).

Importance
The budworm is generally considered a pest of cotton 

and tobacco, but also attacks numerous other crops and wild 
plants. Isely (1935) while working with the bollworm was 
one of the first to recognize the importance of host se
quence as it influenced pest outbreaks. He suggested that 
the availability of "host combinations" at critical periods 
during the season was essential to population buildups and 
could help induce outbreaks.

In its southern distribution, the budworm is active 
from March or early April until first frost, a period that 
extends beyond the growing season of most host plant species 
(Snow and Brazzel 1965; Neunzig 1969; Laster and Furr 1971; 
Graham, Hernandez and Llanes 1972). Because of this ex
tended active period, the budworm is usually found on a 
series of hosts, thus enabling survival and seasonal devel
opment from newly emerging generations in the spring to 
overwintering generations in the fall.

Several studies examining the role of host plants 
in the population dynamics of the budworm have been con
ducted. Barber (1937) cited Toadflax, Linaria canadensis 
(L), Florida beggar weed, Mebonia purpurea and deergrass, 
Rhexia alfanus as the primary wild hosts of budworms in



eastern Georgia. Flax and tobacco were the most important 
cultivated hosts but were less attractive than the favored 
wild hosts. In a more recent study in Georgia, Payne and 
Polles (1973) reported that tobacco budworm larvae fed on 
terminals and immature nutlets of pecan trees.

Tobacco and beggarweed were listed as major bud- 
worm hosts in Florida (Morgan and Chamberlin 1927). These 
workers reported that tomatoes, garden peas and sweet peas 
were of secondary importance. Martin, Lingren and Greene 
(1976), while working in the same region, reported that 
tobacco and okra were the preferred host plants of bud- 
worms but also recorded larval development on cabbage, pea
nuts, collards, white clover and tomatoes.

In North Carolina, the budworm was characterized as 
a major pest of cotton and tobacco (Neunzig 1969). Deer- 
grass and toadflax were considered the most important wild 
hosts in this area (Neunzig 1963).

West of the "tobacco belt," in Mississippi, Arkan
sas and Louisiana, early budworm generations are predomi
nantly confined to spring blooming legumes including crimson 
clover, Persian clover and alfalfa (Brazzel et al. 1953;
Snow and Brazzel 1965). After one to two generations, bud
worm moths leave legume fields in search of tobacco and 
cotton. Because tobacco is rarely grown commercially in 
these areas, cotton is the most important cultivated host
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for later generations (Lincoln 1972). In Louisiana and 
Arkansas, Jacquemontia tannifolia is an important late 
season host (Brazzel et al. 1953). Snow and Brazzel (1965) 
reported that Haplopappus divoricatus and Desmodium rigidum 
were important late season hosts for budworms in Mississippi. 
Additional wild hosts listed in the study were black medic, 
buffalo bur, cocklebur, deergrass, swamp rose, horse 
nettle, Persian clover, sweet clover and toadflax.

In the Lower Rio Grande Valley of Texas, Graham and 
Robertson (1970) reported that wild tobacco and tomatoes 
were especially important to population buildups of bud- 
worms in the spring. They also found that cotton was the 
preferred host in summer while the fall crop of tomatoes 
was an important host for diapausing generations late in 
the year. In-depth studies were later conducted by Graham 
et al. (1972), Cole,Adkisson and Fye (1973), and Harding 
(1976) in which 14 additional species of wild plants were 
listed as hosts. These workers concluded that wild hosts 
served as important carryover hosts for budworms but were 
not suitable for the population buildup associated with 
cultivated crops. Cotton was considered the most important 
cultivated host but budworms were also reported attacking 
alfalfa, cabbage, cantaloupes, soybeans, bell peppers and

7
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Research concerning host sequence of the bollworm 

complex is lacking in the far west. In California and 
Arizona, the first budworm infestations of economic concern 
were reported on cotton in 1972 (Watson 1974). Prior to 
this outbreak, the budworm was not considered a serious 
agricultural pest, attacking primarily flowers in yards and 
occasionally commercial ornamental crops (Sharma et al., 
1977).

Life History
Temperature has long been recognized as a key fac

tor regulating insect development and reproduction. Several 
studies have examined the biology of the budworm in rela
tion to temperature. Brazzel et al. (1953) conducted a 
series of life history studies in open air insectaries at 
Fayetteville, Arkansas. At an average temperature of 27.7°C 
the larval feeding period on favored hosts, was completed in 
14 days. In contrast, when larvae were reared on unfavor
able hosts at 21°C, the feeding period extended over 50 
days. An average of 13.2 days was needed for completion of 
the prepupal and pupal stages at a mean soil temperature in 
the low 80s (F°).

Fye and McAda (1972) subjected laboratory reared 
larvae, pupae and moths to four constant and four fluctuat
ing temperature regimes. As temperature was increased, the 
duration of the immature stages and longevity of the moths
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declined. Developmental rates were generally faster when 
insects were exposed to constant temperatures as opposed to 
fluctuating programmed conditions. Most of the observed 
larvae required five instars to complete development but an 
extra instar was occasionally required at the lower tempera
tures. A drastic reduction in fecundity was observed when 
moths were exposed to temperatures over 20°C.

Butler and Hamilton (1976) expanded on Fye and 
MeAda1s work by recording developmental times for the to
bacco budworm over a much larger range of constant tempera
tures. They reported that the rate of egg, larval and 
pupal development increased with each subsequent increase 
in temperature up to 36°C. At this temperature extreme, 
the duration of all immature stages increased. In addition 
to recording developmental times, linear regression equa
tions and threshold temperatures were calculated.

Larval nutrition also plays a major role in tobacco 
budworm development and fecundity. Brazzel et al. (1953) 
found that the duration of the larval feeding period ranged 
from 13.3 days to 26.3 days when larvae fed on soybean pods 
and tobacco leaf buds, respectively. The developmental 
period for larvae reared on cotton bolls was 14.0 days as 
opposed to 19.4 days for larvae consuming cotton squares. 
Pupal weight and fecundity were also influenced by larval 
diet. The average number of eggs layed by females that fed
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on cotton ranged from 229 to 442 per moth, depending on the 
plant part consumed. The importance of larval nutrition 
was also assessed for the bollworm on several host plants 
(Isely 1935) .

Various segments in the life history of the budworm 
were studied in the field by Neunzig (1969) in North Caro
lina and by Kincade, Laster and Brazzel (1967) in Missis
sippi. In the North Carolina study, Neunzig determined 
that larvae confined to tobacco plants in midseason fed for 
17-18 days before entering the soil. The prepupal and pupal 
stages required 15-16 days for completion of development. 
During the early and late season infestation periods, de
velopment was delayed 3 to 7 days for larvae and 1 to 2 days 
for stages in the soil. Kincade et al. (1967) reported that 
the average feeding period for larvae on cotton was 15.8 
days during July and August. Developmental times were not 
recorded for the prepupal and pupal stages.

Natural Enemies
The pest status of the budworm has changed consid

erably over the past 30 years. In many regions of the cot
ton belt this insect, initially regarded as an occasional 
nuisance, is now a key pest (Cole et al. 1973; Roach 1975; 
Harding 1976; Reynolds and Hannibal 1978) . A major factor 
responsible for this shift in pest status is the disruption 
of natural enemies resulting from indiscriminate use of
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insecticides (Newsom 1972). The adverse effect of insecti
cides on predaceous and parasitic species has been estab
lished repeatedly in the lab and field (Gaines 1955;
Pfrimmer 1964; Leigh et al. 1966; Lingren and Ridgeway 1967; 
Laster and Brazzel 1968; Dinkins, Brazzel and Wilson 1971; 
Shepard and Sterling 1972, Plapp and Vinson 1977). Numer
ous studies conducted in cotton fields have linked the use 
of certain foliar and soil applied insecticides with in
creases in Heliothis spp. populations (Newsom and Smith 
1949; Ridgway et al. 1967; Lingren et al. 1968a; Rummel 
and Reeves 1971; Van Steenwyk et al. 1975; Johnson et al. 
1976; Kinzer et al. 1976). In all of these studies, it was 
generally assumed that the pest increase resulted in part 
from the decimation of predator populations. In addition, 
Kinzer et al. (1976) suggested that cotton treated with the 
systemic insecticides aldicarb and monocrotophos might be 
more attractive for oviposition by Heliothis spp. moths.

According to Whitcomb and Bell (1964) over 600 
species of predacious arthropods are associated with cotton 
fields in Arkansas. In a similar survey conducted in Cali
fornia, van den Bosch and Hagen (1966) recorded over 350 
species of entomophagous insects. Lincoln et al. (1967) 
compiled an extensive list of predators and corresponding 
stages of Heliothis spp. attacked. He reported that all 
stages of the pest were preyed upon by a complex of



beneficial insects and spiders. In Alabama, Watson, 
Gudauskas and Canerday (1966) observed predators, repre
senting 18 families of insects, preying on Heliothis spp.

In more recent years, researchers have tried to 
elucidate which predaceous species are the most important 
regulators of Heliothis spp. populations. Lingren, Ridgway 
and Jones (1968b) suggested that only 10 to 15 species of 
beneficial insects were important in Texas. In Arizona,
Wene and Sheets (1962) listed important predators commonly 
found on cotton in the Salt River Valley as Geocoris, Nabis, 
Orius, Chrysopa, Collops,.Zelus, Sinea, Hippodamia and 
Coleomegilla. The efficiency of many of these predators 
has been evaluated quantitatively. Lopez, Ridgway and 
Pinnell (1976) and Lingren et al. (1968b) reported that 
Chrysopa carnea (Stephens) and Geocoris spp. were generally 
the most effective predators under laboratory conditions. 
During field evaluations, C. carnea, Geocoris spp. and 
Orius tristicolor were especially effective predators of 
eggs and small Heliothis larvae (Lingren et al. 1968b; van 
den Bosch et al. 1969; Tejada 1971; Lingren and Wolfen- 
barger 1976). The influence of alternate prey on predator 
efficiency and its subsequent effect on Heliothis spp. 
survival was assessed by Ridgway and Jones (1968), van den 
Bosch et al. (1969), and Abies, Jones and McCommas (1978).

12
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The role of parasites in the regulation of Helio- 

this populations is hard to evaluate. Many of the parasites 
attack Heliothis spp. on several hosts and are usually most 
active early in the cotton season or late in the fall 
(Lewis and Brazzel 1968; Graham et al. 1972; Harding 1976). 
Over the last two decades, several surveys have been con
ducted in an attempt to identify parasites associated with 
Heliothis spp.

In North Carolina, the braconids Cardiochies nigri- 
ceps and Microplitis croecipies were especially common 
larval parasites on a variety of cultivated and wild hosts 
(Neunzig 1969). In addition to the braconids listed above. 
Roach (1975) found that Campoletis sonorensis and C. flavi- 
cuncta were important ichneumonid parasites in South Caro
lina. He also listed the tachinid species, Archytas 
marmoratus and Lespesia aletiae as occasional parasites of 
budworm larvae. Lewis and Brazzel (1968) found that C. 
nigriceps and M. croecipies were the predominant larval 
parasites in Mississippi. Various ichnemonid and tachinid 
parasites were also identified but were far less common. 
Watson et al. (1966) reared six different species of para
sites from tobacco budworm larvae in Alabama. They also 
reported that egg parasitism by Trichogramma minutum was
much heavier in corn and tomatoes than in cotton.
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Studies conducted in Texas by Shepard and Sterling 

(1972) revealed that larval parasitism amounted to only6-7% 
in cotton. Apanteles marginiventris, C. nigriceps and A. 
marmoratus were the most abundant species collected. Graham 
et al. (1972) and Harding (1976) studied the incidence of 
parasitism in the Lower Rio Grande Valley. From a collec
tion of larvae made from several wild and cultivated hosts, 
a total of 6 dipteran and 13 hymenopteran parasite species 
was recovered. Graham and his co-workers reported that the 
Campolitis spp. were the most common Heliothis spp. para
sites on the total host complex.

Extensive field collections of lepidoterous larvae 
were made by Butler (1958a, 1958b) in Arizona. He found 
that M. croecipes and Eucelatoria armigera were the most 
numerous Heliothis spp. parasites but several larvae were 
also found parasitized by Lespesia archippivora and Chelonus
texanus.



MATERIALS AND METHODS

Source of Insects
Budworm moths and larvae used in the various field 

and laboratory studies were obtained from a culture that 
had been maintained in the laboratory for less than one 
year (7-8 generations). To insure a wide genetic base, 
several hundred field collected larvae were periodically 
introduced into the established culture. Larval collec
tions were made from cotton and cultivated rose fields in 
Peoria and Phoenix, Arizona, in 1976 and 1977.

Rearing
Budworm rearing procedures outlined by Patano (1969) 

were used with minor modifications. About 20 to 30 newly 
emerged moths were caged in 4.4 liter wide-mouthed jars. A 
circular piece of fine mesh plastic screen placed in the 
bottom of the jar served as a barrier, separating moths from 
excess moisture and excretia. Oviposition and resting sites 
were provided in the form of paper towel strips, ca 5 cm 
wide and 8 cm long suspended from the top of the jar. An 
additional egg sheet was incorporated with the jar lid.
Moths were provided with a 10% sugar solution dispensed from 
an inverted glass vial attached to the top of the rearing 
jar.

15
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To enhance egg lay, jars were held at a temperature 

of 24 to 27°C. During the ovipositional period, egg sheets 
were removed every other day. Eggs were surface steril
ized with a 5% sodium hypochlorite solution, rinsed with 
10% sodium thiosulfate and rinsed again with distilled 
water (Ignoffo 1963).

Freshly hatched larvae were transferred from egg 
sheets to rearing cups at a rate of 30 larvae per container. 
The larval rearing containers consisted of 572 ml cups 
filled with an alfalfa wheat germ diet developed by the ARS, 
USDA, at the Western Cotton Research Center. The diet was 
purposely diced into small pieces, providing added surface 
area which lowered larval cannibalism. After larvae were 
introduced, cups were sealed with clear plastic lids glued 
to the tops. To promote better ventilation within the 
cups, slits were cut in the sides and bottom with a thin 
scalpel blade. The pupae harvested after a 25-day interval 
were transferred to 480 ml cups capped with screen lids and 
left until adult emergence occurred.

Field Studies
Field studies were conducted at the Cotton Research 

Center at Phoenix, Arizona, during the 1977 cotton growing 
season. The study field (ca 24 hectares) was planted with 
Delta Pine 61 cotton on drill rows spaced 102 cm apart and 
oriented north to south. All treatment plots, including
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the check, were confined to the west end of the field which 
was bordered by an alfalfa field. Adjacent fields along 
the southern and northern borders were planted with short 
staple cotton. Cotton plants used for the experiment were 
thinned to one plant per row foot.

Experimental Design
Uncaged cotton plants were manually infested with 

tobacco budworm larvae to determine the rate of larval and 
pupal development, larval survival and the number of fruit
ing parts damaged/larva. In conjunction with these experi
ments, an evaluation of natural enemy effectiveness was 
assessed, utilizing the "chemical exclusion" technique de
scribed by Debach (1964).

Two separate plots, ca 0.8 hectares each, were in
fested with laboratory reared budworm larvae at various 
times during the season. The control plot received peri
odic applications of malathion (1.5 liters/hectare) which 
greatly reduced predator populations but had little if any 
effect on budworm survival. The remaining plot was not 
treated with insecticides until termination of the experi
ment in late August.

In order to eliminate pesticide drift into the non
insecticide plot, malathion was applied to the check plot 
with a high clearance ground spray machine, usually between 
0600 and 0800 hours.
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Larvae were introduced to the plants in the two 

plots on June 16, July 11 and August 4. The control plot 
received 3 applications of insecticide during each infesta
tion period. The duration of each infestation period was 
dependent upon the rate of larval and pupal development.
At the beginning of each infestation period, 45 plants were 
randomly selected in each of the two plots and inoculated 
with three larvae/plant. The recently hatched larvae were 
introduced to the plant terminals individually with a blunt 
probe. The plants were infested early in the morning (2400 
to 0300 hours) to avoid immediate exposure of larvae to 
extreme daytime temperatures.

Complete records were compiled for each larva with 
the following information logged daily:

1. Larval mortality.
2. Larval movement on and off infested plants.
3. Larval instars.
4. Number of fruiting structures damaged/larva.

As budworms neared completion of the larval stage (5th in
star) , treatment plants were pruned back and enclosed in 
cages containing a surplus of fruiting parts. The cages 
consisted of inverted, 4.4 liter plastic buckets, with por
tions of the bottom and sides removed and replaced with fine 
mesh plastic screens (Fig. 1). The number of larvae pupat
ing and the date that each larva entered the soil was
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Figure 1. Field cage used to enclose 5th instar tobacco 
budworm larvae on pruned cotton plants.
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determined by carefully excavating around the pupal cell as 
soon as larvae were found missing from the cages. Immedi
ately after confirmation, the pupal cell was buried in soil 
to its original depth and the cages replaced. The cages 
were inspected daily until the moths emerged.

Collection of Predator Data
Relative numbers of predatory insects and spiders 

were determined biweekly using a sweep net and faily by 
whole plant inspection. The sweep net samples were taken 
with a standard 15-inch sweep net, 50 sweeps per plot.
Sweep nets records were used to compare seasonal trends of 
the predator complex in the insecticide treated and insecti
cide free plots. Records secured from whole plant inspec
tions were used in predator efficiency and relative 
abundance studies. Both forms of sampling were usually con
ducted early in the morning between 0600 and 1100 hours.

Climatological Data
Air temperatures and relative humidity readings 

were recorded in the study field from June 14 to September 
3. A hygrothermograph was placed in between two rows of 
cotton on 5 x 10 cm boards which extended across a the 
irrigation furrow. The thermographs were installed next to 
the hygrothermograph and were used to monitor soil tempera
ture . Thermocouples from the thermographs were buried 5.0
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cm in the soil within the drill row. All of the instruments 
were housed within a vented wooden enclosure, eliminating 
direct exposure to sunlight.

Statistical Analysis of Field Data
A one-way analysis of variance (ANOVA) was used to 

determine group means. The lease significant difference 
(LSD) (Steel and Torrie, 1960) was then computed, separat
ing means that were significantly different at the 0.01 or 
0.05 levels of probability.

Laboratory Studies
The objective of this study was to determine the 

effect of varying temperature and humidity regimes on fecun
dity, fertility and longevity of the tobacco budworm. Moths 
used in the study were obtained from larvae that had been 
reared separately in 30 ml cups containing lima bean media 
modified from a diet described by Shorey (1963). Larval 
cultures were kept in environators set at a constant 30°C 
temperature. Pupae collected from larval containers were 
placed in 240 ml ice cream cups and held at 25°C. Shortly 
after adult emergence, females were paired with two males 
and placed in individual cages (Hardwick (1965). The adult 
rearing cages consisted of a 1-quart wax paper cup covered 
with a piece of fine mesh cheesecloth (ca 11.4 cm diameter).
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The cheesecloth lid ensured proper ventilation and pro
vided females with a favorable oviposition site.

Cages were inspected daily for moth mortality and 
egg sheets were collected every other day. An approximate 
determination of fertility was made on the basis of egg 
coloration described by Neunzig (1969).

Moths were exposed to the following constant tem
perature-humidity regimes:

1. 25 °C; 25% RH.
2. 25°C, 65% RH.
3. 30°C; 25% RH.
4. 30°C, 65% RH.
5. 35°C; 25% RH.
6. 35°C, 65% RH.

Modified refrigerators and programable environators similar 
to those described by Butler and Hamilton (1976) and Fye 
and MeAda (1972) were used. High humidity (65% and above) 
was maintained by directing blower fans over pans of water. 
A 14:10 light:dark cycle was used in each treatment.

A one-way ANOVA was set up to evaluate the effect 
of changing humidities at a constant temperature, while a 
second ANOVA was carried out for changing temperatures at a 
given humidity. Comparisons made between specific treat
ments were evaluated by calculating the LSD. All
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statistical tests were conducted at the 5% level of signif
icance or less.



RESULTS AND DISCUSSION

Cotton Damage by Tobacco Budworms 
Larval feeding patterns were monitored daily for 

three distinct infestion periods. The average number of 
squares, flowers and bolls damaged by larvae placed on 
plants is presented in Table 1. During the first infesta- 
tation period beginning in mid-June, larvae feed extensively 
on squares and to a lesser extent on other fruiting forms.
At this time, plants were ca 40-46 cm tall and fruit set 
consisted predominately of squares, with very few flowers 
and bolls present. As the season progressed, plants had a 
much lower square to boll ratio. Consequently, budworm in
jury to the plants was more balanced with significantly 
fewer squares and total fruiting forms consumed. Also, sig
nificantly more bolls were damaged in the July and August 
treatments. Similar results were obtained when mature 
plants were infested in the laboratory and placed in envi- 
ronators programmed for August conditions (Table 1).

Results from similar damage assessment studies con
ducted in the past are not in agreement with data listed in 
Table 1. The average consumption of all budworms observed 
in this study was 5 squares, 1.3 flowers and 2.0 bolls/ 
larvae (Table 1). Quaintance and Brues (1905) reported an

24



Table 1. Feeding damage by tobacco budworm larvae placed on cotton plants at 
various times of the season.

Infestation No. Larvae Fruiting 1Forms Destroyed
2Larval

Feeding
Period Monitored Squares Flowers Bolls Total Period

June 17 8.8a 1.6a 1.4a 11.8a 14.9a3
July 24 4.1b* * 1.2a 2.3b* 7.6b* 12.6b,c
August 28 3.5b* 1.5a 2.2b 7.1b* 11.9b

4Programmed
temperature
regime 8 3.8b* 1.0a 2.3b 7.0b* 12.7b,c

X —  — 5.0 1.3 2.0 8.4 13.0

^Average number of fruit damaged per larva. 
oAverage number of days larvae fed on plants before pupation.
^Means in the same column followed by the same letter are not significantly dif
ferent at the 0.05 level; significance at 0.01.

*August temperatures for Phoenix, 1976, programmed into environator.

Ni
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average of 8 squares, 1 flower and 1.6 bolls damaged/boll- 
worm larva. However, differences in feeding habits of the 
two species have been demonstrated. Nicholson (1976) and 
Talati (1970) found the food requirements of developing 
bollworm larvae significantly greater than for tobacco bud- 
worm larvae.

Kincade et al. (1967) reported budworm larvae 
damaged an average of 10 squares, 1.2 flowers and 2.1 bolls. 
Larvae monitored in their field study had an average devel
opmental period of 15.8 days; the average duration of the 
larval stage in the present study was 13 days. Hartstack, 
Ridgway and Jones (1978) showed that a highly significant 
relationship exists between the larval feeding period and 
the quantity of damaged cotton fruit.

In order to make a valid comparison between the 
values presented in"Table 1 with values reported by Kincade 
et al. (1967), the data must be adjusted to account for dif
ferences in larval development. To accomplish this, the 
averages for larval development and fruiting forms damaged 
were multiplied by the number of larvae monitored in each 
experiment. Using the transformed values, the relationship 
between total fruiting parts destroyed and the total number 
of days larvae fed was assessed for each experiment. This 
relationship is graphically illustrated in Figure 2. The 
correlation coefficient of 0.88 suggests that budworm
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KINCADE 
July A

KINCADE 
A  June

IOO- X  ARIZONA 1977 

A  KINCADE et ol. 1967
ENVIRONATOR 

X  August r=0.88

TOTAL NO. LARVAL DAYS FEEDING

Figure 2. Regression analysis of the number of damaged 
squares, flowers and bolls by tobacco budworms 
at various infestation periods.
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damage increases as larval infestation periods or develop
ment times increase. Moreover, the close association of 
data points to the regression line indicates the values in 
both studies vary as a result of different developmental 
rates.

Larval, Prepupal and 
Pupal Development

Calendar Day
The average duration of time required for larval 

development on cotton plants is shown in Table 2. Larvae 
developing in June fed on plants significantly longer than 
at any other infestation period. Conversely, the fastest 
larval development occurred in the insecticide treated plot 
during the month of August. Also at that time, larvae in 
the treated plot spent significantly less time feeding on 
the plant than larvae in the insecticide free plot. The 
differences between the two plots were not as apparent for 
the other infestation periods. The average temperature for 
all three infestation periods was very similar (Table 3).

The marked differences in larval development prob
ably resulted from the dissimilar feeding habits of larvae 
and the changing microenvironment within the cotton field. 
The nutritional makeup of plants and larval diet varied 
considerably between the three infestation periods. Young 
plants in the early treatment (June) provided larvae
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Table 2. Tobacco budworm development in cotton at various
times of the growing season.

Infestation No. Larvae Developmental Time in Days
Period Monitored On Plant1 In Soil'* Total

June 22 15.0a* 12.3a,b 27.4a*3
July 35 12.6b,c 12.5a* 25.0b
August

insecticide
check 34 12.0b 11.7b 23.7c

No insecticide 17 13.1c 11.9a,b 25.0b
Programmed 
August, 1976 8 12.7b — — — —

"^Larval instars 1-5.
2Late 5th instar larvae, prepupa, pupa.
Means in same column followed by the same letter are not 
significantly different at the 0.05 level; *0.01 level.

3



Table 3. Air temperature and relative humidity within the cotton field canopy
at a height of 30 cm.

Infestation Temperature °C Relative Humidity
Period Max. Min. Average 3- Max. Min. Average!

June 41.7 20.7 31.2 76.9 24.6 45.7
July 36.7 23.3 29.8 94.0 39.1 65.0
August 38.7 23.1 29.9 97.4 42.4 73.4

^Grand X based on 2-hour intervals.
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limited reproductive parts on which to feed. During this 
period larvae derived most of their sustenance from squares. 
Mature plants in'July and August had a complete complement 
of fruiting structures and larvae responded by consuming 
significantly more bolls and fewer squares. Larval feeding 
habits also differed in the insecticide treated and non- 
treated plots during August. The plot sprayed with mala- 
thion had a severe secondary outbreak of cotton leaf per
forators which stressed plants and subsequently influenced 
budworm feeding behavior. Larvae on the stressed plants 
left the terminals prematurely and fed on flowers and 
larger squares at a much earlier stage than in the non- 
stressed plot. An average of 1.5 flowers was damaged/larva 
in the insecticide plot whereas only 0.9 flower was de
stroyed in the non-treated plot.

Brazzel et al. (1953) reported the budworm feeding 
period was shorter for larvae that fed on bolls as opposed 
to squares. The nutritional status of flowers has not been 
quantitatively assessed but observations made during this 
study indicate larvae.feeding on flowers have greatly ac
celerated rates of development. Similar findings were re
ported by Quaintance and Brues (1905) while studying the 
bollworm.

The changing microclimatic conditions associated 
with cotton fields also influences insect development and
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may have contributed to the differences in development ob
served in the present study. As plants mature and a canopy 
is formed, extremes in temperature are modified and insects 
are cooled (Fye and McAda 1972). In Figure 3 the average 
daily temperature curves for the three infestation periods 
graphically illustrate this point. Larvae in June, while 
confined to small plants, were exposed to extreme environ
mental conditions in the day, and spent an average of 9 
hours in temperatures above the upper developmental thresh
old of 35°C (Butler and Hamilton 1976). During July and 
August, daily periods having temperatures over 35°C averaged 
5.5 and 6 hours, respectively. In addition, humidity was 
considerably higher during the mid and late season treat
ments (Table 3). Butler and Hamilton (1976) found that each 
successive increase in temperature up to and including 34°C, 
resulted in shorter development periods. In contrast, at a 
constant 36°C and above, this trend was reversed with 
longer development periods and reduced survival. Moreover, 
Fye and McAda (1972) stated that physiological systems of 
the tobacco budworm were more efficient at lower tempera
tures in the range of 20-30°C.

Distinct differences in development were not as 
apparent for pupae as with larvae. Average soil tempera
tures during the various treatments did not differ more 
than 0.9°C and maximum soil temperatures never approached
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Figure 3. Average daily air temperatures expressed in 
2-hour intervals during the three infesta
tion periods.
Temperature readings taken within the cotton 
canopy at a height of 30 cm.
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the pupal threshold of 35°C (Table 4). However, a signifi
cantly shorter pupal period was recorded for the August 
insecticide treatment. Fye and McAda (1972) suggested that 
"physiological momentum" induced from exposure to high tem
peratures could be conveyed to subsequent stages of develop
ment exposed to cooler temperatures. During the August 
treatment, rate of larval development peaked, hence the 
rates of biochemical and physiological processes were also 
at a peak and may have influenced pupal development.

34

Table 4. Soil temperatures in a cotton field at a depth of 
5 cm.

Infestation
Period Max. Min. Average"

June 28.8 24.6 26.9
July 27.7 24.3 26.0
August 29.0 24.6 26.5

^Grand X based on 3-hour intervals.

Average total development, encompassing the larval, 
prepupal, and pupal stages ranged from 23.7 to 27.4 days 
(Table 2). The difference between the June treatment and
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all other infestation periods was highly significant. The 
average rates of development recorded in the experiment are 
considerably shorter than rates reported from similar field 
studies. In North Carolina, Neunzig (1969) found that bud-

I
worms reared on tobacco, required 17.5 to 25 days for larval 
development in the summer months. The average prepupal- 
pupal period ranged from 15.5 to 17.0 days. Kincade et al. 
(1967) reported the budworm feeding period on cotton aver
aged 15.8 days in Mississippi.

Heat Units
In addition to analyzing development in calendar 

days, heat units or day degrees were also determined and 
are summarized in Table 5. Since tables used for calculat
ing heat units were based on degrees Fahrenheit; values 
presented in Table 5 and discussed herein will also be 
based on Fahrenheit (adjusted values for centigrade based 
heat units are found in parentheses).

Significantly different accumulations of heat units 
were required for larval development at the various infes
tation periods. The exact same trend observed for calendar 
days in Table 2 is also present for heat units. Larvae with 
longer development periods required more heat units to com
plete development. Correspondingly, larvae developing fast 
required fewer heat units prior to pupation.



Table 5. Heat unit* requirements for larval, prepupal and pupal stages of the 
tobacco budworm developing on cotton in Arizona.

Infestarion
Period 2Larva on Plants

Larva, Prepupa, Pupa^ 
in Soil

June 477 (265)a*4 319 (177)a
July 412 (229)b,c 305 (169)a
August

insecticide control 400 (222)c* 304 (169)a
No insecticide 436 (242)b 305 (169)a

^Calculated from heat unit program (Huber, unpublished computer program, 1978) 
2Based on air temperature taken within cotton canopy; larval thresholds 95°F 
high, low (Butler and Hamilton, 1976).
qBased on soil temperatures taken within cotton canopy at a depth of 5 cm; 
pupal thresholds 95°F high, 54° flow.

4Means in the same column followed by the same letter are not significantly 
different at the 0.05 level; *0.01 level.
Values are expressed in terms of °F followed by °C in parentheses.
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Heat units accumulated in the crop canopy (i.e., 

available to developing larvae) during each infestation 
period is shown in Figure 4. The relative position of the 
lines shows that heat unit accumulation for July-August was 
higher than June. However, this accounts for less than a 
day difference in development between treatments and fur
ther supports the hypothesis that larval diet and tempera
ture extremes were key factors influencing development.

The heat unit requirements for pupae were not sig
nificantly different at any investation period (Table 5). 
Accumulative heat units available for pupal development dur
ing the various treatments is illustrated in Figure 5.

Larval Survival
A comparison of larval survival between the mala- 

thion treated plot and the insecticide free plot during the 
three treatment (infestation) periods is summarized in Table 
6. Only the larvae that completed development and were 
accounted for in the soil were considered survivors. Larval 
survival was enhanced in the plot receiving malathion appli
cations. Malathion had little, if any, effect on budworm 
larvae but had a marked influence on predator populations.
As illustrated in Figure 6, population fluctuations for the 
predator complex (lady beetles, primarily Hippodamia spp.; 
green lacewings, Chrysopa spp; nabids, Nabis spp; soft
winged flower beetles, Collops vittata; minute pirate bugs.
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Figure 4. Heat units available to developing tobacco bud- 
worm larvae within the cotton canopy at various 
infestation periods.
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Figure 5. Heat units available to developing tobacco bud- 
worm prepupae and pupae at a soil depth of 5 cm.
Heat units based on soil temperatures taken 
from an irrigated cotton field at three infes
tation periods.
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Table 6. Percent survival of tobacco budworm larvae intro
duced to cotton plots at three distinct infes
tation periods.

Infestation^
Period

No Insecticide 
Applications 
(Cumulative)

No Larvae 
Completing 
Development 
on Plant

Percent
Survival

June 3 20 14.8
June 0 2 1.5
July 6 32 23.7
July 0 3 2.2
August 9 34 25.2
August 0 17 12.6

^Insecticide control plot and plot receiving no insecticide 
applications were each infested simultaneously with 135 
larvae at three distinct infestation periods.

t
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primarily O. tristicolor; big eyed bugs, Geocoris spp? and 
spiders) followed the same general pattern throughout the 
summer in both plots, but predator numbers in the pesticide 
treated plot were considerably less.

The largest difference in total predator numbers 
between the two plots occurred in mid-July. Correspondingly, 
the largest difference in larval survival between pesticide 
treated and non-treated plots occurred during the July in
festation period. This relationship is graphically illus
trated in Figure 7b. Variance in predator numbers between 
plots and its subsequent influence on budworm survival was 
not as pronounced in the June and August infestation periods 
(Figure 7a, c). The importance of predators as a key regu
latory factor of Heliothis spp. populations has been demon
strated by several researchers in the field (Click and 
Lattimore 1954; Ridgway and Jones 1969; van den Bosch et al., 
1969; Dottrel and Rummel 1977). The data from this experi
ment support their research results.

In spite of the two-fold difference in larval sur
vival between the malathion treated and non-treated plot in 
August, natural control in the non-insecticide plot was far 
less effective than in the two previous treatment periods. 
Larval suvival was relatively high in both treated and un
treated plots (Table 6).
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Curves represent the number of tobacco 
budworms surviving at each larval instar.
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Since temperature and humidity readings did not 

vary substantially from July through September, the marked 
increase in budworm survival during August was probably due 
to a decrease in predator effectiveness. Just prior to the 
August infestation period, a cotton leaf perforator popula
tion started developing in the field and became especially 
acute in the plot receiving malathion applications. Impor
tant budworm predators such as C. carnea and 0. tristicolor 
have also been shown as key predators of cotton leaf per
forators (El-Hardari 1956; Tuttle, Wane and Sheets 1961; 
Lingren and Wolfenbarger 1976). Thus, the influence of an 
abundant source of alternate prey may have affected predator 
efficiency against the budworm in this study. Ridgway and 
Jones (1968) found that C. carnea larvae were more efficient 
Heliothis spp. predators when alternate hosts such as aphids 
were removed from plants with a systemic insecticide. Abies 
et al. (1978) came to a similar conclusion while studying 
the response of various predators to different densities of 
Aphis gossypii and H. virescens eggs. Ewing and Ivy (1943) 
reported that Heliothis outbreaks were induced when cotton 
fields, previously treated with arsenicals, experienced 
large increases in aphid populations. They concluded that 
aphids acted as protective barriers for Heliothis eggs and 
larvae by diverting the attention of predators, especially 
Orius spp. Barber (1936) also found that availability of



45
alternate food sources, e.g., aphids, thrips and eggs and 
larvae of other lepidopterous species affected the effi
ciency of 0. insidious as an Heliothis spp. egg predator on 
corn.

The effect of density independent factors such as 
temperature and humidity on larval survival is illustrated 
by the survivorship curves presented in Figures 7a, b, c. 
Regardless of the infestation period, 1st instar larvae 
were by far the most susceptible stage. Because of limited 
mobility, larvae at this stage of development were usually 
confined to the terminals. In Arizona, Fye (1971) found 
that temperature extremes were frequently associated with 
cotton terminals because they were exposed to direct sun
light. Furthermore, he suggested that insects in fruit 
exposed to direct solar radiation for extended periods of 
time would probably not survive.

Field observations in this study indicated the small 
larvae that ultimately survived were those that most quickly 
became acclimated to the plant and started feeding on termi
nal squares or deep within the meristematic tissue. Larvae 
that fed on exposed portions of the plant for extended 
periods of time, e.g., terminal leaves, usually died from 
desiccation or predation. Once larvae became established 
on the plant and molted to the 2nd instar, the effect of 
humidity and temperature on survival became less critical.
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The rather abrupt change in the slope of survivalship 
curves, after the first molt, illustrates this trend (Fig
ure 7a, b, c). The decrease in mortality rates as larvae 
developed was also a result of decreased predation.

The survival of budworm larvae was also influenced 
by the phenology of the plant. During the initial infesta
tion period in June, plants were ca 30 to 41 cm tall with 
leaves that barely shaded the drill row; consequently, a 
canops was not formed over the irrigation furrow. As a 
result, modification of air temperature and relative humid
ity by the plant was minimal and extreme fluctuations for 
both were recorded (Table 3).

As the season progressed, a plant canopy was formed 
and extreme occilations in temperature and humidity were 
reduced. The microclimatic conditions for survival were at 
an optimum in July and August (Table 3). Correspondingly, 
mortality of first instar larvae was especially low during 
the July infestation period in the insecticide treated 
plot (Figure 7b).

Ironically, the increase in 1st instar larval sur
vival did not occur in the August insecticide treatment 
(Figure 7c). Moreover, 1st instar larval mortality was 
higher in the insecticide treated plot than the untreated 
plot which contained much larger numbers of predators. The 
most apparent reason for this unexpected switch in larval
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mortality was the changing phenology of the cotton plants. 
Plants in the insecticide treated plot were heavily in
fested with cotton leaf perforators in the last week of 
July. _The stressed plants in this plot reponded by shed
ding pinhead squares (6 mm or smaller) in the terminals and 
uppermost fruiting branches. Since the terminals were de
void of squares, several 1st instar larvae left the termi
nals prematurely in search of additional food sources. This 
forced migration down the plant and resulted in increased 
exposure of larvae to predators and harsh climatic condi
tions. In contrast, plants in the insecticide free plot 
were not as severely infested with perforators and retained 
many of their terminal squares (Figure 8). Consequently, 
survival of 1st instar larvae was enhanced by superior fruit 
load and more succulent terminals associated with plants not 
receiving insecticide applications. Survival of 1st instar 
larvae has often been correlated with terminal moisture 
content and fruit load (Fletcher 1941; McIntyre 1972; 
Slosser, Phillips and Herzog 1978).

Relative and Seasonal Abundance 
of Predators

The predator species monitored were generally far 
more numerous in the insecticide free plot than in the mala- 
thion treated plot. In spite of this difference, population 
trends with respect to seasonal and relative abundance were
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Figure 8. A— A succulent terminal containing many "pin
head" squares. B--"Cut out" terminal-dry and 
devoid of small squares.
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similar in both plots. Because of the similarities, data 
collected from both plots were clumped together. The rela
tive and seasonal abundance of predator species in cotton 
during the course of this experiment are presented in 
Table 7.

After a slow start early in the season, Orius nymph 
and adult populations increased rapidly, comprising 81% of 
the total predator complex during the August treatment 
period. In contrast, Chrysopa larvae were among the earli
est predators present; the second most numerous predator in 
June. The seasonal abundance of Chrysopa decreased gradu
ally as the season progressed. Geocoris and Zelus numbers 
were low all season; neither genus reproduced in cotton to 
any great extent. Nabid adults and coccinellid beetles were 
fairly common in June but numbers decreased rapidly there
after. Nabid nymphs were not found on cotton plants in
spected. Collops beetles and spiders (combined) made up 
over one-third of the predator complex in June and July with 
numbers increasing slightly during these periods. The rela
tive abundance of both predators declined sharply in August. 
Because of their subterranean habitat and nocturnal behavior, 
earwigs were inconspicuous all season long. Hence, the num
bers presented here may underestimate their importance.



Table 7. Relative and seasonal abundance of select Heliothis spp. predators on 
cotton in the Salt River Valley, 1977.

Relative Abundance Seasonal Abundance
(% of Complex) 1 (Number Observed)

Predator June July August June July August
Spiders 28.5 25.9 6.65 44 77 21
Chrysopa

larva 26.9 13.0 5.7 52 36 18
Orius

adults 7.8 22.3 44.6 15 62 141
nymphs 0.0 18.0 37.3 0 50 118

Collops 16.6 16.9 4.4 32 47 14
Geocoris

adults 4.7 1.1 0.0 9 3 0
nymphs 0.5 0.7 0.3 1 2 1

Zelus
adults 1.0 0.4 1.0 2 1 1
nymphs 0.5 0.0 0.0 1 0 0

Coccinellids 6.2 0.4 0.0 12 1 0
Nabis

adults 7.3 0.4 0.0 14 1 0
nymphs 0.0 0.0 0.0 0 0 0

Dermoptera 0.0 1.1 0.6 0 0 0
^Predator populations were not sampled after August 
account the population changes later in the year.

26 and do not take into U1o
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Comparative Predator Efficiency

Predator efficiency was assessed by recording (1) 
the number of times predators were found in close proximity 
of dead larvae (two or less main stem branches away), and 
(2) the frequency with which predators were found actively 
feeding on budworm larvae. Data were collected daily by 
inspecting entire plants which had been previously infested 
with larvae. Since all observations were confined to day
light hours the nocturnal behavior of predators was not 
monitored. In general, predators observed in this study 
were most active early in the morning. Consequently, the 
greatest number of budworm larvae attacked occurred between 
0600 and 0900 hours.

The relative performance of predators as natural 
enemies of budworm larvae is summarized in Table 8.
Chrysopa larvae were the most efficient predator with 18.9% 
of the total larvae observed, actively feeding on first and 
second instar budworm larvae. In addition, almost 50% of 
the Chrysopa larvae were found in or close to fruiting 
structures containing dead larvae. These results confirm 
earlier findings presented by Lingren et al. (1968a, b) 
van den Bosch et al. (1969), Tejada (1971), and Lopez et al. 
(1976). The high degree of effectiveness associated with 
this predator is related to its inherent ability to search 
extensively for prey and its preference for the environment



Table 8. Select Heliothis spp. predators observed feeding on tobacco budworm 
larvae or found on the same plant with dead larvae.

Total No. 
Observed

No. Associated 
w/Dead Larvae

Percent , 
Association^

No. Feeding 
on Larvae Percent^Feeding^

Spiders 148 15 9.9 1 0.7
Chrysopa

larvae 106 48 45.3 20 18.9
Orius

adults 218 61 28.0 13 6.0
nymphs 168 57 33.9 21 12.5

Collops 93 11 11.8 1 1.1
Geocoris

adults 12 3 25.0 1 8.3
nymphs 4 1 25.0 0 0.0

Reduviid
adults 4 1 25.0 0 0.0
nymphs 1 0 0.0 0 0.0

Coccinellids 13 0 0.0 0 0.0
Nabis

adults 15 1 6.7 0 0.0
nymphs 0 0 0.0 0 0.0

1Percent association number found close to dead larvae 
total number observed X100

2Percent feeding number found feeding on larvae 
total number observed X100

oi
to
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inside square bracts, where the majority of 2nd and 3rd in
star Heliothis larvae are found (Ridgway and Jones 1968; 
Lopez et al. 1976).

Orius nymphs were the second most efficient preda
tor and may actually have been a more important predator 
than Chrysopa because of their greater abundance. During 
the latter half of the season, Orius nymphs were the most 
common predator in the terminals and were in an ideal loca
tion for feeding on first instar larvae. Orius adults were 
not as efficient as the nymphs, but were by far the most 
abundant predator.

Adult Orius were extremely important in the insecti
cide plots because of their migratory behavior and apparent 
tolerance to malathion. Similar finds were reported by 
Shepard and Sterling (1972) while studying predator reduc
tions in cotton fields sprayed with Bidrin* for fleahopper 
control. These workers suggested that Orius was the most 
important predator of Heliothis spp. because of its relative 
abundance and seasonal population buildup in the insecticide 
treated fields. Several additional studies have recognized 
the importance of Orius spp. as key regulating factors of 
Heliothis spp. populations (Quaintance and Brues 1905; Ewing 
and Ivy 1943; Wille 1951; Click and Lattimore 1954; Lingren 
and Wolfenbarger 1976).
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The efficiency ratings for spiders and collops 

beetles were very low in spite of the fact that both preda
tors were very common. For the most part, collops beetles 
were preying upon thrips and on several occasions were 
found feeding next to healthy 2nd and 3rd instar budworms 
in the same flower or square. In contrast, spiders were 
rarely found in the same vicinity of larvae. The vast 
majority of spiders occupied the stalk or lower parts of 
the cotton plant while Heliothis spp. larvae were confined 
to the top one-third of the plants. The importance of 
spiders as predators of Heliothis spp. larvae has not been 
adequately established in the literature.

Although Geocoris adults were present in relatively 
small numbers, they seemed to be an efficient larval preda
tor. On a percent basis, they were associated with almost 
as many dead larvae as Orius adults, and were ranked third 
in larval consumption (i.e., found in the act of feeding). 
Results from field studies conducted in California and 
Texas indicated that this genus is an effective larval and 
egg predator and may be found in relatively large numbers 
(Lingren et al. 1968a; van den Bosch et al. 1969; Van 
Steenwyk et al. 1975).

Reasons for the generally low abundance of Geocris
spp. as well as the remaining hermipterans listed in Table 8 
are not known. The fact that these predators were
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considerably more abundant early in the season suggests 
that insecticides may have been a factor (Table 7). Organo- 
phosphate insecticides were periodically applied to sections 
of the farm throughout the latter part of the season. Chemi
cals such as malathion (used in this experiment) and methyl 
parathion (used extensively on the farm) are extremely 
toxic to hemipterans while predators like C. carnea and H. 
convergens are relatively tolerant (van den Bosch, Reynolds 
and Dietrick 1956; Leigh et al. 1966; Lingren and Ridgway 
1967).

The coccinellids, C. Maculata and H. convergens, 
were fairly common predators in June but virtually disap
peared in July and August, without reproducing in cotton. 
These predators were rarely found in terminals or small 
squares inhabited by budworms and were never found actually 
consuming prey or near dead larvae. Similar observations 
were made by Bryson and Schuster (1975) while studying 
C. maculata beetles in the field. In addition, they stated 
that the adults were diurnal predators. The efficiency of 
the various coccinellid species as predators of Heliothis 
spp. has been investigated by Lingren et al. (1968b) and 
Lopez et al. (1976). Working with C. maculata, Lopez et al. 
(1976) reported that when adults were confined to petri 
dishes, they were voracious feeders, consuming more Helio
this spp. larvae than C. carnea or G. punctipes. However,
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when beetles were placed on cotton plants, larval consump
tion was reduced significantly. A similar decline in ef
ficiency was demonstrated with H. convergens by Lingren et 
al. (1968b).

The data presented on predator abundance and effi
ciency are not meant to be absolute evaluations of predator 
effectiveness. Several predacious species, e.g., Geocris 
nymphs, nabids and reduviides were present in such small 
numbers that any definite conclusion based on their perfor
mance might be misleading. The results from this study 
indicate that C. carnea was an extremely important predator 
in June while Orius nymphs and adults were key budworm regu
lators in August. In July, budworm survival was in part 
regulated by the actions of both these predators. Regard
less of the infestation period, the influence of climatic 
factors and predators became less pronounced as larvae 
matured.

Fecundity
The effect of various temperature/RH regimes on 

fecundity is summarized in Table 9. These data are based on 
the average number of eggs layed per moth, with 15 or more 
females tested per treatment. At the lower humidity (25%
RH), each successive increase in temperature resulted in a 
significant reduction in fecundity. This trend was not, 
however, evident at the higher humidity regimes. Uie number
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Table 9. Fecundity and fertility of the tobacco budworm 
at constant temperature and humidity regimes.

Relative
Humidity
(100%)

Temperature (°C)
25 30 35

E1 %F2 E %F E %F
25 1659a3 94 807b 81 134c 0
65 1534a 93 1510a 83 209c 0

O 1 <Xt o 963 —  — 370 — 4955 — —

^Average number of eggs layed per female.
2Percentage of eggs fertile.
3Means followed by the same letter are not different at the 
0.05 level of significance.

4Study conducted by Fye and McAda (1972).
533°C.
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of eggs layed at 30°C/65% RH did not differ significantly 
from values recorded at 25°C/65% RH. Furthermore, increas
ing the humidity at 30°C from 25% to 65% RH resulted in an 
87% increase in fecundity. Apparently 65% RH was sufficient 
to offset the deleterious effects of 30°C, enabling moths 
to lay a full compliment of eggs. Fye and Surber (1971) 
while evaluating egg viability, found that high RH partially 
alleviated the effects of extended exposures to high temper
atures.

Increased humidity at other temperatures did not 
affect oviposition significantly. At 25°C, slightly more 
eggs were layed per female at the lower humidity (25% RH) 
but the highest number of eggs layed by an individual moth 
(3485 eggs) was recorded at 25°C/65% RH. The influence of 
humidity on fecundity was completely masked by prolonged 
exposure to high temperatures. Moths subjected to 35°C had 
greatly reduced fecundity at both low and high humidities.
A similar drop in fecundity at 33°C was also recorded for 
this species by Fye and McAda (1972) .

The number of eggs layed in this study is not in 
total agreement with values reported in other studies 
(Lukefahr and Martin 1964; Chauthani and Adkisson 1966;
Fye and McAda 1972) . In the latter study, researchers re
ported that fecundity was greatly reduced at 30°C (40-60% 
relative humidity). In contrast, the moths tested in this
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experiment layed a considerable number of eggs at this tem
perature . A comparison of values for the two studies is 
found in Table 9.

Since larval and adult nutrition was similar in 
both studies, the differences in fecundity were probably a 
result of genetic shift in one or both of the budworm cul
tures in each experiment. The culture used by Fye and 
McAda (1972) had been in the lab several years, whereas 
moths used in this study were Ca. seven to eight filial 
generations old. Working with bollworm, Hardwick (1965) 
demonstrated that moth vigor and fecundity decreased in 
successive laboratory generations. Talati (1970) reported 
a 40% to 79% drop in egg viability for eggs layed by fourth 
generation bollworm moths. A similar drop in egg fertility 
was not, however, evident in budworm cultures.

The data presented thus far represent relative 
numbers of eggs layed under controlled environments and 
should not be confused with fecundity occurring in the field. 
To obtain more realistic values, a preliminary test was con
ducted with adults that had been reared (as larvae) on cot
ton instead of artificial media. Fecundity data were 
collected on eight mated pairs held at 25°C/65% RH; the 
average of cotton reared moths was 1043 egg/famale. In 
contrast, moths reared on media and held at identical con
ditions, layed 1534 eggs/female. Lukefahr and Martin
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(1964) found that bollworm moths reared on cotton layed 
half as many eggs as moths cultured on artificial media. 
Brazzel et al. (1953) reported that budworm moths layed 
334, 229.5 and 323.7 eggs when reared on cotton squares, 
bolls and foliage, respectively.

Further investigations are needed in order to ob
tain a more complete picture of budworm fecundity in the 
field. Future studies should include wild moths reared on 
natural hosts (wild and cultivated) and be conducted under 
programmed temperature/humidity regimes.

Adult Survival
The average longevity of tobacco budworm moths at 

varying temperatures and humidities is presented in Table 
10. Generally, males were more adversely affected at 35°C 
but females had shorter life spans at 30° and 25°C. There 
was a highly significant decrease in male and female lon
gevity when the temperature was increased from 30° to 35°C 
at 65% RH. Regardless of temperature, the duration of the 
adult stage was always less at the higher humidity regimes. 
The temperature/humidity interaction was most apparent for 
female moths at the uppermost temperature with survival 
time significantly shortened at the higher humidity.

Comparisons with data presented by Fye and McAda 
(1972) and Butler and Hamilton (1976) indicate that
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Table 10. Longevity of tobacco budworm moths at constant 
temperature and relative humidity regimes.

Relative
Humidity

Mean Duration (Days) 
Temperature (°C)

(100%) 25 30 35
Male

25 26.7a1 24.6a 12.3b
65 22.2a 20.7a 9.8b

Female
25 22.2a 19.3a,b 15.7b
65 18.0a 17.3a 10.2c

*A11 means within each sex followed by the same letter are 
not significantly different at the 0.05 level of signifi
cance.
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longevity of the "semi-wild" culture used in this study is 
comparable to that of "domestic" cultures.



SUMMARY

Research was conducted at Phoenix, Arizona, in 1976 
to study the biology of immature stages of the tobacco bud- 
worm in cotton fields. Uncaged plants were artificially 
infested with larvae to determine (1) the rate of larval 
and pupal development, (2) the key factors responsible for 
budworm mortality, (3) the average number of fruiting parts 
damaged/larvae. Freshly hatched larvae were introduced to 
the field on June 16, July 11 and August 4, and were moni
tored daily until completion of development.

In conjunction with these experiments, the impor
tance of the natural enemy complex was evaluated by periodi
cally treating a portion of the test field with malathion. 
Applications of insecticide were readily tolerated by resis
tant budworms while predator populations were greatly re
duced.

Regardless of the infestation period, predator popu
lations were reduced while larval survival increased in 
plots receiving malathion treatments. Abiotic factors such 
as extremes in temperature and low humidity also influenced 
survival, especially during the June infestation period.
This early in the season plants were not large enough to 
form a continuous canopy over the field and as a result did

63
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not provide larvae with adequate protection from high mid
day temperatures. As larvae matured, the effect of clima
tic factors and predators decreased. Consequently, 1st 
instar larvae had the lowest rate of survival while 4th and 
5th instar budworms had the highest.

Interactions between tobacco budworms and other pest 
species indirectly affected larval survival. Naturally 
occurring infestations of cotton leaf perforators and beet 
armyworms late in the season reduced budworm mortality by 
providing predators an alternate source of prey. Larval 
survival was relatively high during the August treatment 
period in spite of large predator populations.

Larval feeding behavior and rates of development 
were determined for a total of 104 larvae during the months 
of June, July and August. In June, larvae spent signifi
cantly more time feeding on plants and consumed a larger 
number of fruiting parts. During this early infestation 
period larvae fed almost exclusively on squares with rela
tively few bolls consumed. As the season progressed and 
plants matured, larvae fed on significantly more bolls but 
fewer squares. On the more balanced diet, larval develop
mental periods were significantly shorter. The average 
duration of prepupal and pupal stages in the soil were 
similar for all infestation periods.
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The effect of temperature and humidity on adult 

longevity and fecundity was investigated in the laboratory. 
Moths were exposed to a constant 250C, 30°C and 35°C at 25% 
and 65% RH. Fecundity was greatly reduced for moths held 
at 35°C. In contrast, peak egg lay occurred at 25°C. 
Humidity was not a factor at either temperature. A tempor- 
ature-humidity interaction did occur at 30°C with signifi
cant differences in fecundity recorded between the two 
humidity regimes. Moths layed an average of 1,500 eggs/fe
male at 65% RH but only 875 eggs/female at 25% RH.

The longevity of both male and female moths de
clined as temperatures were increased. Moth survival was 
slightly higher at the low humidity. Female moths tolerated 
35°C better than males but had shorter life spans at 25°C
and 30°C.
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